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Abstract 

Cancer prevention includes approaches that can reduce the risk of developing cancer, such as maintaining a healthy diet and 
avoiding exposure to mutagenic agents. Plants with antimutagenic properties can be valuable as cancer-protective agents. 
This study aims to investigate the antimutagenic activity and cancer-protective effects of Ziziphus spina-christi using in vitro 
and in vivo human and animal models, respectively.  
The antimutagenic activity of Ziziphus spina-christi leaf extract was examined in cultured human lymphocytes using sister-
chromatid exchanges (SCEs) and 8-OHdG assays. In addition, the cancer-protective effect of the extract was investigated 
using a skin painting assay and7,12-dimethylbenz(a) anthracene (DMBA)induced cancer of Balb/c mice. Animals were 
treated with DMBA for 20 weeks with concurrent consumption of Ziziphus spina-christi leaf extract 100mg/kg daily, 5 
days/week. The Ziziphus spina-christi leaf extract significantly reduced the levels of SCEs and the 8-OHdG levels in human 
lymphocytes in a dose-response manner (P<0.01). In addition, leaf extract significantly reduced the incidence of skin tumors, 
tumor sizes, and frequency of DMBA-induced papilloma (P<0.05). It also delayed the onset of tumor development compared 
to the DMBA group (P<0.05). Finally, animals treated with Ziziphus spina-christi leaf extract had lower body weight 
compared to the control group (P>0.05). In conclusion, the experimental investigation demonstrated the beneficial properties 
of Ziziphus spina-christi as an anticancer agent.   
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1. Introduction 

Skin cancer (SC)is a common disease affecting a large 
number of individuals in the world (Ahmed et al., 2020). 
The three most common types of SC are melanoma, basal 
cell carcinoma, and cutaneous squamous cell carcinoma 
(Collins et al., 2019). Although various therapies have 
been applied to cure cancer, researchers have been 
searching for more potent and simultaneously safer 
medications to beat the disease (Lalotra et al., 2020). 
Natural compounds such as plant products have been 
utilized as antitumor agents for different types of cancers 
(Sajadimajd et al., 2020; Sauter, 2020). In addition, many 
plant products have shown antimutagenic activities and 
thus can be used as protective agents against the 
development of cancer (Alzoubi et al., 2021; Fahmy et al., 
2022; Nageen et al., 2021).  

Among the promising medicinal plants is Ziziphus 
spina-christi which belongs to the plant family 
Rhamnaceae (Abdulrahman et al., 2022).More than 40 
species have been classified within this family, with a wide 
range of medicinal uses including the management of 
chronic diseases, infectious diseases and malignancies (Al 
Omar et al., 2022). Ziziphus spina-christi is an evergreen 
plant that is native to north/tropical Africa, and 

South/West Asia (Abdulrahman et al., 2022; Albalawi, 
2021). Various studies have revealed the valuable 
components of Ziziphus spina-christi  plant such as 
botulin, spinanine, tanines, sterols, rutin, quercetin 
derivatives, triterpenoids, sapogenins, and saponins 
(Bozicevic et al., 2017; Hussein, 2019; Soliman et al., 
2019). Ziziphus spina-christi plant extracts have shown a 
potent function against cancer cell lines (El-Maksoud et 
al., 2021; Fahmy et al., 2022; Farmani et al., 2016; Jafarian 
et al., 2014). Additionally, the plant leaf extract has been 
reported to be effective in fighting bacterial and viral 
infections as well as reducing diarrhea symptoms and 
diabetes activity (Abdulrahman et al., 2022; Albalawi, 
2021; Hussein, 2019; Zandiehvakili and Khadivi, 2021).  

In the current study, the antimutagenic activity of 
Ziziphus spina-christi leaf extract was examined in 
cultured human lymphocytes using sister-chromatid 
exchanges (SCEs) and 8-hydroxy-2' -deoxyguanosine (8-
OHdG) assays. In addition, the cancer-protective effect of 
the extract was investigated using mouse skin painting 
assay. The 8-OHdG assay is widely used to examine the 
level of DNA damage caused by oxidative stress in living 
cells. The SCEs assay is used as an indicator of DNA 
strand damage induced by various mutagenic agents. 
Finally, the skin painting assay is a valid and widely used 
model for examining the carcinogenic potential of 
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chemical agents. In addition, the model has also been used 
to investigate treatments that can be useful as protective 
agents against the development of cancer.  

2. Materials and Methods 

2.1. Animals 

Young (7-8 weeks old) Balb/c mice were purchased 
from the Animal Care Facility of Jordan University of 
Science and Technology (JUST). Animals were housed in 
standard mice cages (4-6 animals per cage) and underwent 
14 days of acclimatization to experimental conditions prior 
to the start of the experiments (Alzoubi et al., 2020).The 
animals were kept in optimal experimental conditions that 
included temperature (24±1°C), humidity (45±5)%, 
light/dark cycle (12h/12h), and food/water (ad libitum). 
Animals were shaved in the interscapular region 3 days 
before the start of the experiment. The animal part of the 
study was approved by the Animal Care and Use 
Committee at JUST. 

2.2. Ziziphus spina-christi leaf extract 

Ziziphus spina-christi was collected from Jordan, Irbid 
region under the supervision of Professor Jamal Lahaam, a 
botanist from Yarmouk University (Irbid, Jordan). The 
leaves of the plant were dried, stored, and a gummy extract 
was prepared as previously described (Alkofahi et al., 
2017). In brief, after drying, Ziziphus spina-christi leaves 
were mechanically stranded using a 2 mm mesh machine 
(Wiley grinder, Homas Scientific, USA). Stranded leaves 
were percolated in ethanol (80%) and then subjected to 
vacuum evaporation at 40 °C. The extracts were stored in 
aliquots at -30 °C until used (Alkofahi et al., 2016). 

2.3. Skin paint assay 

Animals were divided into 3 homogeneous groups of 
15 mice each. Animals were assigned into groups 
according to their body weight using Xybion PATH/TOX 
software, Cedar Knolls, NJ, USA.  The three groups were: 
the control group (treated with vehicle), DMBA group 
(100 ug of 7,12-dimethylbenz(a) anthracene, Sigma-
Aldrich, Saint Louis, MO, USA) and DMBA/plant extract 
group (Alzoubi et al., 2021). DMBA, the tumor induction 
agent, was dissolved in acetone and immediately applied 
to the interscapular skin of animals using micropipettes. 
Animals in the DMBA/plant extract group were treated 
with DMBA as in group 2 plus Ziziphus spina-christi leaf 
extracts (administered using oral gavage, dose = 100 
mg/kg). DMBA and the plant extract were administered 
daily except for Friday and Saturday of each week during 
the 20-week experimental period (Li and Brakebusch, 
2021). The general health of the animals was checked 
regularly in each working day during the study period. 
Regarding tumor development, the skin of the animals was 
examined weekly. Papillomas with diameters of 2mm or 
larger were recorded (Roemer et al., 2010). In addition, the 
following measures were recorded: tumor incidence (% of 
tumor-bearing mice), multiplicity (% of tumors/mice), and 
tumor onset(Ghosh et al., 2015; Gopalakrishnan et al., 
2019).   

2.4. Blood Cultures 

Blood was obtained from 5 health donors in heparin 
vacutainer tubes. The criteria for the selection of blood 

donors were as previously described (Hendawi et al., 2022; 
Tarboush et al., 2022). For each 1mL blood culture, 9 mL 
of PB-Max media (Thermo Fisher Scientific, MA, USA) 
were used. Blood cultures were maintained at 37°C in a 
humid CO2 incubator as described previously (Rababa'h et 
al., 2019).  Cultures assigned to SCEs were treated with 5-
bromodeoxyuridine (BrdU, 25 μg/mL final concentration, 
Sigma-Aldrich, USA) to obtain differential staining of 
sister-chromatids (Al-Eitan et al., 2020).  

2.5. In vitro sister-chromatid exchanges (SCEs) assay 

Cultures assigned for SCEs were treated with leaf 
extracts (10, 100, and 500 ug/mL final concentration) in 
the last 24 hours of the culture period. Lymphocytes at 
metaphase were harvested by treating the cultures with 
colcemid (10 ug/mL final concentration). The cultures 
were then subjected to a hypotonic solution of KCl and 
then the cells were collected by centrifugation and fixed in 
methanol/acetic acid (3/1 respectively). Fixed cells were 
spotted on microscopic glass slides by dropping and then 
stained using the Fluorescence Plus Giemsa (FPG) method 
as previously described (Khabour et al., 2013). At least 
250 metaphase II cells were scored for each treatment 
(Alqudah et al., 2018). 

2.6. The 8-OHdG assay 

At the end of the 72 hours incubation period, blood 
cultures assigned for 8-OHdG assay were centrifuged at 
300xg, and the culture media was removed. The cells were 
then washed 5 times using RBMI media. The cells were 
then treated in RBMI media with different concentrations 
of leaf extracts (10, 100, and 500 in ug/mL final 
concentration) for 6 hours (Daradka et al., 2018). The cell 
suspension was then centrifuged at 300 xg, and 8-OHdG in 
the supernatant was measured using a commercial ELISA 
assay obtained from Abcam (Cambridge, UK). ELISA 
plates were read at 405 nm using the ELx800 ELISA plate 
reader (BIO-TEK, USA) as previously described (Azab et 
al., 2017). A total of 8 replicates were used for each 
concentration.  

2.7. Statistical analysis 

Data were analyzed using GraphPad Prism Software 
(version 5, La Jolle, CA, USA). Groups were compared 
using one-way ANOVA followed by Tukey's post hoc test. 
A p<0.05 indicates statistical significance. 

3. Results 

Ziziphus spina-christi leaf extracts were tested for 
antimutagenic potential using SCEs and 8-OHdG assays in 
cultured human lymphocytes. Figure 1 shows SCEs levels 
in lymphocytes treated with different concentrations (10, 
100, and 500 ug/mL) of the plant extract.  Ziziphus spina-
christi leaf extracts at 100 ug/mL and 500 ug/mL induced 
a significant decrease in the frequency of SCEs compared 
to the control group (P<0.01). However, Ziziphus spina-
christi leaf extracts at 10 ug/mL did not affect the 
frequency of SCEs compared to the control group 
(P<0.05). The magnitude of the decrease in the frequency 
of SCEs resulting from the 100 ug/mL concentration is 
similar to that observed at 500 ug/mL This indicates a 
saturation effect at the 100 ug/mL concentration. Figure 2 
shows the levels of 8-OHdG in cultures treated with 
different concentrations (10, 100, and 500 ug/mL) of the 
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leaf extract. A significant decrease in 8-OHdG levels was 
observed for all examined concentrations of Ziziphus 
spina-christi leaf extract. The magnitudes of the decrease 
in 8-OHdG caused by 100 ug/mL and 500 ug/mL were 
significantly higher than that induced by the 10 ug/mL 
concentration (P<0.01). In addition, both concentrations 
of100 ug/mL and 500 ug/mL induced a similar reduction 
in the levels of the 8-OHdG marker, indicating a saturation 
effect. Results of sister-chromatid exchange and 8-OHdG 
assays indicate the antimutagenic effects of the Ziziphus 
spina-christi plant extract.  

The protective effect of the leaf extract against cancer 
development was examined using the mouse skin painting 
assay (Figure 3). The results showed that Ziziphus spina-
christi leaf extract significantly lowered the incidence of 
skin tumors, tumor sizes, and frequency of papilloma 
(P<0.05) induced by treating animal skin with DMBA 
(Figures 3C, 3E, and 3F respectively).  Additionally, the 
Ziziphus spina-christi plant extract significantly retarded 
the onset of skin tumors (P<0.05) (Figure 3D). On the 
other hand, animals treated with Ziziphus spina-christi  
leaf extract showed marked decreases in body weight 
when compared with the control group (Figure 3A, 
P>0.05). Finally, leaf extract did not affect the number of 
tumors/animal (Figure 3B, P>0.05).  

 
Figure 1. Antimutagenic activity of Ziziphus spina-christi leaf 
extract using sister-chromatid exchanges (SCEs) assay. Ziziphus 
spina-christi leaf extract significantly reduced levels of SCEs in 
cultured human lymphocytes at 100 µg/mL and 500 µg/mL 
concentrations (* indicates P<0.01).  

 
Figure 2. Antimutagenic activity of Ziziphus spina-christi leaf 
extract using 8-OHdG assay.Ziziphus spina-christi leaf extract 
significantly reduced levels of 8-OHdG in cultured human 
lymphocytes at 10 µg/mL, 100 µg/mL and 500 µg/mL 
concentrations (* indicates P<0.05, ** indicates P<0.01). 

 

 
Figure 3. Cancer-prevention effect of Ziziphus spina-christi  leaf 
extract.  

Mouse skin-painting assay was used. Ziziphus spina-christi  leaf 
extract was administered using oral gavage, once daily 
(100mg/kg) for 5 days/week until the end of the experiment. Skin 
tumor was induced using DMBA. Ziziphus spina-christi leaf 
extract significantly reduced the incidence of skin tumors (C), 
tumor sizes (E), and frequency of papilloma (F). Ziziphus spina-
christi plant extract significantly delayed the onset of skin tumors 
(D) and lowered the body weight of animals (A). Finally, leaf 
extract did not affect the number of tumors/animal (B).  * 
indicates P<0.05.  

4. Discussion 

Cancer remains among the leading causes of death 
worldwide despite the remarkable improvement in the 
treatment of most malignancies(Torre et al., 2016). 
Therefore, adopting a preventive strategy for cancer can 
reduce the burden and death associated with this disease. 
Natural products with antimutagenic and antioxidant 
potential are good candidates that can help in cancer 
prevention(Sanders et al., 2016). 

In the current study, the antimutagenic activity and 
cancer-prevention effects of the medicinal plant Ziziphus 
spina-christi  were examined. The results showed a strong 
antimutagenic activity of Ziziphus spina-christi  in vitro in 
cultured human lymphocytes. In addition, consumption of 
Ziziphus spina-christi  leaf extract significantly reduced 
the carcinogenicity of DMBA-induced skin cancer.  

The antimutagenicity of Ziziphus spina-christi  leaf 
extract was demonstrated in the current study using SCEs 
and the 8-OHdG assays. The antimutagenic effects of 
Ziziphus spina-christi leaf extract are dose-dependent 
(P<0.01). SCEs in mitotic cells reflect damage to DNA 
strands that are usually corrected using a recombination 
DNA repair system that utilizes the unaltered homologous 
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DNA to fix the damaged strand.  The 8-OHdG biomarker 
reflects DNA damage induced by free radicals generated 
within cells during cellular respiration and by 
chemical/physical agents. Therefore, Ziziphus spina-christi  
leaf extract appears to protect cells from a spectrum of 
DNA damage through single/multiple mechanisms. 
Among these mechanisms is the potent antioxidant 
property of Ziziphus spina-christi leaf extract which has 
been shown to neutralize more than 90% of cellular-
induced oxidative stress (Almeer et al., 2018; Hosny et al., 
2022; Zandiehvakili and Khadivi, 2021). Among the 
known antioxidants of Ziziphus spina-christi leaf extract 
are glycosides, phenols, terpenoids, cyclopeptide alkaloids, 
and flavonoids (Elghaffar et al., 2022; Sakna et al., 2019). 
In addition, consumption of the leaf extract has been 
shown to reduce oxidative stress and improve recovery 
from brain injury via modulatingaquaporin-4 and 
TLR4/NF-ĸB/TNF-α signaling pathways (Safdari et al., 
2021). Using a rat animal model, Ziziphus spina-christi 
leaf extract has been reported to attenuate mercuric 
chloride-induced liver and testicular injury via normalizing 
oxidative stress (Almeer et al., 2020; Ramadan et al., 
2021). The antioxidative status of rabbits fed a diet 
supplemented with Ziziphus spina-christi  leaves showed 
significant improvements in blood total antioxidative 
capacity and glutathione peroxidase, catalase and 
superoxide dismutase activities (Abduljawad, 2020). 
Therefore, using different animal models, Ziziphus spina-
christi showed potent activity against the body’s oxidative 
stress.  

In the current study, the cancer-protective activity of 
Ziziphus spina-christi leaf extract was demonstrated using 
the mouse skin painting assay. A significant reduction in 
several measures of tumor development was observed in 
animals that consumed Ziziphus spina-christi leaf extract. 
These include the incidence of tumors, tumor sizes, and 
frequency of induced papilloma by the carcinogen. In 
addition, tumor onset was significantly delayed in the 
animals that received Ziziphus spina-christi leaf extract. 
Consistent with the current study, methanolic Ziziphus 
spina-christi leaf extract has been reported to protect 
Wistar rats from hepatocellular carcinoma induced by 
diethyl nitrosamine (El-Din et al., 2019). Similarly, 
Ziziphus spina-christi fruit extract has been shown to 
protect animals from azoxymethane-induced colon cancer 
(Guizani et al., 2013). The anticancer effects of Ziziphus 
spina-christi leaf extract were attributed to its high content 
of polyphenols, flavonoids, betulin derivatives, and 
cyclopeptide alkaloids compounds (Abdulrahman et al., 
2022; Soliman et al., 2019).  

Several mechanisms may mediate the cancer-protective 
effects of Ziziphus spina-christi leaf extract. Ziziphus 
spina-christi leaf extract contains numerous bioactive 
compounds with potent anticancer activity reported using 
human and animal cancer cell lines (Abdulrahman et al., 
2022; El-Maksoud et al., 2021; Jafarian et al., 2014; Sakna 
et al., 2019; Soliman et al., 2019). For example, Ziziphus 
spina-christi leaf extract showed strong activity against 
human MCF7breast cancer cells with an IC50 of 40.25 
μg/mL(Hosny et al., 2022). Another mechanism by which 
Ziziphus spina-christi leaf extract can prevent the 
development of cancer is via promoting apoptosis in 
cancer cells by activating the Bax-independent apoptosis 
pathway (Farmani et al., 2016; Ghaffari et al., 2021). In 

addition, Ziziphus spina-christi leaf extract can 
significantly reduce tissue inflammation, which is a 
predisposing factor for the development of cancer (Alajmi 
et al., 2019; Kadioglu et al., 2016). A human study showed 
the efficacy of Ziziphus spina-christi leaf extract in 
protecting against skin rashes associated with anticancer 
medications (Alzahrani et al., 2019). Finally, the 
antimutagenic activity of Ziziphus spina-christi leaf 
extracts reported in the current study may play an 
important role in protecting animals from skin cancer. 

Animals that consumed Ziziphus spina-christi leaf 
extract showed a notable reduction in body weight. This 
observation is consistent with previous studies using other 
animal models. For example, a reduction in the body 
weight of obese rats has been reported after the 
consumption of Ziziphus tea (El Seedy et al., 2021).The 
mechanism by which Ziziphus spina-christi  reduces body 
weight may involve promoting fatty acid oxidationin 
mitochondria and reducing adipokine secretions (Yagoub 
et al., 2021). However, in a goat bread, adding Ziziphus 
spina-christi leaves to the diet enhanced food intake and 
increased body weight (Ali et al., 2019). Therefore, further 
studies are needed to confirm the current findings on the 
effect of Ziziphus spina-christi leaf extract on animals' 
body weight.  

Among the limitations of the current study is that the 
crude extract of the leaves was used. Fractionation of the 
crude extract and identification of active antimutagenic 
and anticancer compounds is recommended. In addition, 
future in vitro studies using skin cancer cell lines are 
needed to confirm the current findings. 

 
Conclusion 

Ziziphus spina-christi leaf extract is beneficial for 
cancer prevention by reducing the mutagenicity of cancer-
inducing agents.  
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